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Abstract
Background: While evidence supports efficacy of acupuncture and/or dry needling in treating musculoskeletal
pain, it is unclear which needling method is most effective. This study aims to determine the effects of depth of
needle penetration on muscle pain.
Methods: A total of 22 healthy volunteers performed repeated eccentric contractions to induce muscle soreness in
their extensor digital muscle. Subjects were assigned randomly to four groups, namely control group, skin group
(depth of 3 mm: the extensor digital muscle), muscle group (depth of 10 mm: the extensor digital muscle) and
non-segmental group (depth of 10 mm: the anterior tibial muscle). Pressure pain threshold and electrical pain
threshold of the skin, fascia and muscle were measured at a point 20 mm distal to the maximum tender point on
the second day after the exercise.
Results: Pressure pain thresholds of skin group (depth of 3 mm: the extensor digital muscle) and muscle group
(depth of 10 mm: the extensor digital muscle) were significantly higher than the control group, whereas the
electrical pain threshold at fascia of muscle group (depth of 10 mm: the extensor digital muscle) was a significantly
higher than control group; however, there was no significant difference between the control and other groups.
Conclusion: The present study shows that acupuncture stimulation of muscle increases the PPT and EPT of fascia.
The depth of needle penetration is important for the relief of muscle pain.
Background
Recent clinical investigations on the myofascial pain
syndrome and fibromyalgia focused on the existence of
tender point and/or trigger point, with some literature
emphasizing the importance of the tender and/or trigger
points as diagnostic points [1-5]. Moreover these points
have also been demonstrated as treatment points [6-9].
Sensitivity of tenderness and the number of tender
points, being closely related to symptom severity can be
used to evaluate the effectiveness of a certain treatment
[1-5].
Acupuncture treatment includes tender or trigger
points known as Ah-Shi or ‘Oh-Yes’ for treatments of
myofascial pain syndrome and fibromyalgia. Studies
have shown that application of acupuncture at these
points improves symptoms in these disorders [10-12].
Needling points are most commonly chosen according
to the anatomical structure or tenderness at the points,
whereas the depth of needle penetration is determined
with the consideration of the patient’ss e n s a t i o nk n o w n
as deqi and/or resistance felt by the practitioner [13].
Previously we have demonstrated that acupuncture with
deeper insertion at the segmental muscle was more
effective than that with shallow insertion in patients
with chronic low back pain [14]. However, the required
depth and site of needle penetration have not been
determined.
In general, insertion of needles on the affected mus-
cles affected sensitized nociceptors whereas skin inser-
tion did not [15]. Muscle containing nociceptors such as
polymodal-type receptor was demonstrated to be sensi-
tized by various factors [15-17]. Sensitized polymodal-
type receptors in the muscle lesion caused muscle pain
[18] which was found mostly within the connective tis-
sues of the muscle [19]. In particular, the fascia and/or
muscle were the most sensitive deep tissues [16]. Most
thin afferent fibers in muscle innervate polymodal-type
receptors. Acupuncture stimulation at the affected mus-
cle in myofascial pain could easily activate these recep-
tors and consequently increase pain thresholds via
internal analgesic system such as descending inhibition
and/or diffuse noxious inhibitory controls (DNICs) in
the brain stem [20-22]. Therefore, we think that
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most effective on the improvement in the pain
thresholds.
T h ep r e s e n ts t u d ya i m st od e t e r m i n ew h e t h e ra c u -
puncture needling can relieve muscle pain. Effects of
different depths of the needle penetration for relieving
muscle pain under the DOMS model were also
compared.
Methods
Participants
A total of 22 healthy volunteers (8 male and 14 female)
aged between 18 and 28 years (mean 21.9 years) gave
informed consent and participated in the study. All par-
ticipants were recruited from the students of Meiji Uni-
versity of Integrative Medicine (Kyoto, Japan), in good
health and not engaged in any physical training pro-
grams involving the exercise of the extensor digital mus-
cle. At least six months after the first trial were required
for a participant to be recruited again for the evaluation
of the contra lateral side. This study was approved by
the Ethics Committee of Meiji University of Integrative
Medicine.
Screening
All participants were screened for injury or pain (eg
bone fracture, bruise and/or sprain of upper arm), medi-
cation, pregnancy, hemophilia, diabetes, asthma, weight-
training, intense fear of needles and participation in any
similar trial within the past year. All participants were
instructed to avoid any form of exercise for the duration
of the trial.
Eccentric exercise
The participant sat on a chair with a movable weight
(metal screw nut with a long-shaft bolt) attached to his/
her third finger. The position of the weight (475 g) was
adjusted such that the participant could remain the hori-
zontal position for at least 10 seconds. The participant
was asked to remain the position as long as possible.
When bent 20 degrees downward at the matacarpopha-
langeal joint, the finger was reset to the original horizon-
tal position manually by an investigator. This exercise
was repeated until the participant was exhausted; three
sets of the loaded exercises were performed with five
minutes resting period. During the exercise, electromyo-
gram (EMG) of the extensor digital muscle was moni-
tored and displayed on an oscilloscope. Inappropriate
movement by the participant during the exercise was cor-
rected by the investigator when necessary.
Randomization
A research assistant who was otherwise not involved in
the study screened and enrolled participants at a
research desk. After participants completed the eccentric
exercise, another research assistant, who was not
involved with data collection, randomly assigned them
to one of the four treatment groups using a computer
program (SAMPSIZE V2.0, Blackwell Science, USA),
and blocked random-allocation sequence with a block
size of four.
Experimental conditions
Control group
Participants in this group rested supine on a standard
treatment plinth for 30 minutes. The most tender point
in the target muscle was treated.
Skin acupuncture at the tender point of ipsilateral muscle
(skin group)
Participants in this group received needling at the maxi-
mum tender point typically located on the distal third of
the belly of the extensor digital muscle. Disposable
stainless steel needles (0.18 mm × 40 mm, Seirin, Japan)
were inserted straight with a depth of 3 mm and
retained in place for 30 minutes.
Muscle acupuncture at tender point of ipsilateral muscle
(muscle group)
Participants in this group received needling on the max-
imum tender point which was the same as that in the
skin group. Disposable stainless steel needles (0.18 mm
× 40 mm, Seirin, Japan) were inserted straight with a
depth of 10 mm and retained in place for 30 minutes.
Muscle acupuncture at tender point of non-segmental
muscle (NS group)
Participants in this group received needling on the max-
imum tender point typically located on the distal third
of the belly of the anterior tibial approximately over the
musculotendinous junction. Disposable stainless steel
needles (0.18 mm × 40 mm, Seirin, Japan) were inserted
straight with a depth of 10 mm and retained in place
for 30 minutes.
Acupuncture was performed by one of the authors
(KI) who had three years of acupuncture training and
ten years of clinical experience.
Measurements
Pressure pain threshold (PPT) and electrical pain
threshold (EPT) was measured at the point 20 mm dis-
tal to the maximum tender point. Pressure pain thresh-
old (PPT) was determined as the minimum pressure
(indicated as arbitrary units) that elicited the sensation
of tenderness with a finger type pressure algometer (a
probe of 6 mm in diameter) [15]. Measurement was
repeated three times and the minimum value was
employed as the threshold value.
Electrical pain thresholds (EPT) of skin, fascia and
muscle were measured with a pulse algometer [15,16]. A
stainless steel needle electrode insulated with acrylic
Itoh et al. Chinese Medicine 2011, 6:24
http://www.cmjournal.org/content/6/1/24
Page 2 of 5resin (180 μ m in diameter, impedance 391 ± 30 kΩ at
1 kHz; Nisin Medical Institute, Japan) was used as a
cathodal monopolar stimulating electrode. The needle
was inserted manually and held in a guide tube attached
to skin with adhesive tape. A metal surface anodal elec-
trode was attached to the skin 10 mm apart from the
needle. Participants were requested to press the button
when he felt painful sensation (pain threshold), which
triggered the digital display of the stimulus current and
terminates the current stimulus pulse.
Needle was inserted stepwise at 0.5-1.0 mm and mea-
sured the pain thresholds of the skin, fascia and muscle.
Depth in the fascia was determined by the needling stiff-
ness (physical resistance for the manual insertion of
needle) alongside with ultrasonic echo imaging
(LOGIQ™400, GE Medical Systems, Japan).
Measurement was taken by one of the authors (YM)
who had not been informed of the treatment allocation.
Experimental schedule
This study was designed as an observer-blinded, rando-
mized and controlled clinical trial. All participants were
evaluated with PPT and EPTs. Participants then took
part in the eccentric exercise and were allocated ran-
domly to one of four groups after exercise. Two days
following the exercise, all participants received treat-
ment for approximately 30 minutes and were evaluated
with PPT and EPTs immediately after treatment.
Statistical analysis
PPT and EPT values were shown as mean ± standard
deviation (SD). One-way analysis of variance (one-way
ANOVA) followed by Dunnet’s multiple comparison
test (Statview for Windows, version 5.0, USA) were used
to detect significant difference between groups in the
EPT values. Multiple regression (Version 12, SYSTAT
Software Inc., USA) was applied to analyzing the PPT
values immediately after acupuncture stimulation (final
PPT) between groups (control, skin, muscle and NS)
with the following model: Final PPT = constant + base-
line PPT +control+ skin + muscle + NS + error, where
skin, muscle and NS were treated as dummy variables
[20]. P < 0.05 was considered statistically significant.
Results
Changes in pressure pain threshold
Immediately after the repetitive eccentric exercise, the
participants in all groups felt warmth and tenderness in
the working muscle of the extensor digital muscle. Ten-
derness area was gradually restricted to the musculoten-
dinous junction, and a rope-like taut band was detected
in the tenderness area two days after the exercise.
While a significant decrease in the PPT values two
days after the exercise was found in all groups, a
statistically significant recovery was observed after acu-
puncture treatment at the skin and muscle (regression
coefficients [estimated differences between controls and
the rest of the groups] for the skin and the muscle were
111.3 [95%CI 19.5-203.0, P = 0.020] and 318.1 [95%CI
226.0-410.2, P < 0.001]) respectively (Figure 1, Table 1).
Changes in EPT values
EPT values of the fascia of the muscle group in the sec-
ond day were significantly higher than those in the con-
trol group (P = 0.028); however, no significant
difference was found among the four groups in the EPT
values of the skin and muscle groups (Figure 2, Table
2). Moreover, no significant difference was observed
between the control and skin or NS group in the EPT
values of all tissues (in terms of depths). EPT values of
the fascia showed a similar pattern to that of the PPT
values in Figure 1.
Discussion
In the present study, two of the 22 participants recruited
originally were asked to take part in the study again
because the number of participants was not enough for
four groups containing six participants each. A statisti-
cally significant difference was found only between the
acupuncture stimulation of muscle (P < 0.001) and skin
(P = 0.020) groups immediately after treatment,
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Figure 1 Changes in pressure pain threshold (PPT) values after
acupuncture. Pressure pain threshold was measured with a finger
type pressure algometer consisting of a strain gage and a
processing unit. Changes in the resistance caused by strain in the
gage was converted to changes in the voltage via Wheatstone
bride in the processing unit which enables quantitative indication of
the pressure as an arbitrary units (AU). A significant decrease in the
PPT two days after exercise was found in all groups while recovery
was observed after application of acupuncture at the skin and the
muscle with statistical significance when compared with that in the
control at the end of the trial. (P = 0.020 and P < 0.001 for skin and
muscle respectively). Asterisks indicate significant differences
compared with two days after the exercise (* P < 0.05, ** P < 0.001).
Data are shown as mean ± SD.
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effective for DOMS.
Several studies on the efficacy of acupuncture and/or
dry needling treatment for pain conditions [12,23,24]
indicated three important parameters, namely site, mode
and intensity of the stimulation, are important for
achieving efficacy of acupuncture and/or dry needling
[12]. In past studies, the stimulation sites were tradi-
tional acupoints [25-27]; however, our recent studies
suggested that the response to tenderness points, such
as trigger points, could be greater than that to the tradi-
tional acupoints or non-tenderness points [14,28]. More-
over, our previous trial found that needling at the tender
point on the affected muscle were more effective in the
treatment of neck pain than that in the non-affected
muscle [28]. The present study provided further evi-
d e n c eb yd e m o n s t r a t i n gas t a t i stically significant differ-
ence (P < 0.001) between the affected muscle (segmental
muscle: the extensor digital muscle) and the non-
affected muscle (non- segmental muscle: the anterior
tibial muscle) on pressure pain thresholds, suggesting
that tender point on the affected muscle may be more
effective in treatment of muscle pain than the non-
affected muscle.
Furthermore, the present study demonstrated a differ-
ence among the depths on pressure pain thresholds and
electrical pain thresholds. As previous studies found that
the applied pressure was transmitted to the muscle tis-
sue through the skin and subcutaneous tissue, and acti-
vated muscle nociceptors responsible for pain sensation
in the muscle [18,29,30], the thickness and physical
properties of these tissues may strongly influence the
pressure transmission. Moreover, the pressure obviously
excited cutaneous receptors and probably induced pain
sensation in the skin [30]. Thus, the origin of the pain
was unclear in previous studies. On the other hand,
electrical pain thresholds of skin, fascia and muscle were
measured with a pulse algometer [15,16]. The pulse
algometry used in the present study allowed us to mea-
sure deep pain threshold and selectively at different
sites. Thus, the origin of the pain became clear in the
present study.
Our results (Figure 1 and 2)showed that among the
tested depths (5-10 mm) the acupuncture stimulation
on the affected muscle at 10 mm was most effective on
the improvement in the PPT and EPT. The present
study was limited by its small sample size. Further stu-
dies of larger sample size are warranted.
Conclusion
The present study shows that acupuncture stimulation
of muscle increases the PPT and EPT of fascia. The
depth of needle penetration is important for the relief of
muscle pain.
Table 1 Changes in electrical pain threshold (EPT) values after acupuncture
PPT
(AU)
Control group
(mean ± SD)
Skin group
(mean ± SD)
Muscle group
(mean ± SD)
Non-segmental group
(mean ± SD)
Before the exercise 698.2 ± 68.6 663.0 ± 93.9 659.3 ± 56.9 658.8 ± 67.0
Two days following the exercise 327.0 ± 87.5 315.1 ± 54.1 313.8 ± 35.3 313.7 ± 39.3
Immediately after acupuncture treatment 328.7 ± 63.0 445.0 ± 89.6 652.3 ± 77.1 33.5 ± 60.6
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Figure 2 Changes in electrical pain threshold (EPT) values after
acupuncture. Acupuncture to ipsilateral muscle (muscle group)
only increased the EPT of fascia significantly (P = 0.028), but skin
(skin group) and non-segmental muscle (non-segmental group) had
no effect at all tissues (in terms of depths). Asterisk indicates
significant differences compared with the control group (* P < 0.05).
Data are shown as mean ± SD.
Table 2 Changes in electrical pain threshold (EPT) values
after acupuncture
EPT
(mA)
Control
group
(mean ± SD)
Skin group
(mean ± SD)
Muscle
group
(mean ± SD)
Non-segmental
group
(mean ± SD)
skin 0.55 ± 0.64 0.64 ± 0.25 0.80 ± 0.32 0.85 ± 0.28
fascia 0.09 ± 0.12 0.33 ± 0.13 0.64 ± 0.20 0.31 ± 0.09
muscle 1.19 ± 0.30 1.09 ± 0.40 1.02 ± 0.24 0.89 ± 0.36
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EMG: electromyogram; PPT: pressure pain threshold; EPT: electrical pain
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deviation.
Acknowledgements
The authors thank Naoto Ishizaki, Kenji Kawakita and Kaoru Okada for their
constructive comments on the trials and manuscript, as well as Shingo
Saitoh and Yusuke Mumemura for their help in this study.
Authors’ contributions
KI designed the study, performed the acupuncture treatment and wrote the
manuscript. YM and HK designed and performed the statistical design and
data analysis. All authors read and approved the final version of the
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 16 April 2010 Accepted: 22 June 2011
Published: 22 June 2011
References
1. Simons DG: Clinical and etiological update of myofascial pain from
trigger points. J Musculoskelet Pain 1996, 4:93-121.
2. Travell JG, Simons DG: Myofascial Pain and Dysfunction. The Trigger Point
Manual London: Williams & Wilkins; 1983, 5-44.
3. Yunus MB, Kalyan-Raman UP, Kalyan-Raman K: Primary fibromyalgia
syndrome and myofascial pain syndrome: clinical features and muscle
pathology. Arch Phys Med Rehabil 1988, 69:451-4.
4. Wolf F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,
Tugwell P, Campbell SM, Abeles M, Clark P: The American College of
Rheumatology 1990 criteria for the classification of fibromyalgia: report
of the multicenter criteria committee. Arthritis Rheum 1990, 33:160-172.
5. Ge HY, Nie H, Madeleine P, Danneskiold-Samsøe B, Graven-Nielsen T,
Arendt-Nielsen L: Contribution of the local and referred pain from active
myofascial trigger points in fibromyalgia syndrome. Pain 2009,
147:233-40.
6. Ga H, Choi JH, Park CH, Yoon HJ: Dry needling of trigger points with and
without paraspinal needling in myofascial pain syndromes in elderly
patients. J Altern Complement Med 2007, 13:617-24.
7. Hsieh YL, Kao MJ, Kuan TS, Chen SM, Chen JT, Hong CZ: Dry needling to a
key myofascial trigger point may reduce the irritability of satellite MTrPs.
Am J Phys Med Rehabil 2007, 86:397-403.
8. Tough EA, White AR, Cummings TM, Richards SH, Campbell JL:
Acupuncture and dry needling in the management of myofascial trigger
point pain: A systematic review and meta-analysis of randomised
controlled trials. Eur J Pain 2009, 13:3-10.
9. Lewis PJ: Electroacupuncture in fibromyalgia. BMJ 1993, 306(6874):393.
10. Melzack R, Stillwell DM, Fox EJ: Trigger points and acupuncture points for
pain: correlations and implications. Pain 1977, 3:3-23.
11. Furlan AD, van Tulder MW, Cherkin DC, Tsukayama H, Lao L, Koes BW,
Berman BM: Acupuncture and dry-needling for low back pain. Cochrane
Database Syst Rev 2005, CD001351.
12. Nabeta T, Kawakita K: Relief of chronic neck pain and shoulder pain by
manual acupuncture to tender points-a sham-controlled randomized
trial. Complement Ther Med 2002, 10:217-22.
13. Hui KKSKathleen, Sporko NTara, Vangel GMark, Ming Li, Jiliang Fang,
Lixing Lao: Perception of Deqi by Chinese and American acupuncturists:
a pilot survey. Chin Med 2011, 6:2.
14. Itoh K, Katsumi Y, Kitakoji H: Trigger point acupuncture treatment of
chronic low back pain in elderly patients–a blinded RCT. Acupunct Med
2004, 22(4):170-7.
15. Itoh K, Okada K, Kawakita K: A proposed experimental model of
myofascial trigger points in human muscle after slow eccectric exercise.
Acupunct Med 2004, 22:2-13.
16. Kawakita K, Miura T, Iwase Y: Deep pain measurement at tender points by
pulse algometry with insulated needle electrodes. Pain 1991, 44:235-9.
17. Itoh K, Kawakita K: Effect of indomethacin on the development of
eccentric exercise-induced localized sensitive region in the fascia of the
rabbit. Jpn J Physiol 2002, 52:173-80.
18. Mense S: Nociception from skeletal muscle in relation to clinical muscle
pain. Pain 1993, 54:241-84.
19. Ebbeling CB, Clarkson PM: Exercise-induced muscle domage and
adapation. Sports Med 1989, 7:207-34.
20. Kumazawa T: Nociceptors and autonomic nervous control. Asian Med J
1981, 24:632-56.
21. Kawakita K: Polymodal receptor hypothesis on the peripheral
mechanisms of acupuncture and moxibustion. Am J Acupunct 1993,
21(4):331-338.
22. Kawakita K, Gotoh K: Role of polymodal receptors in the acupuncture-
mediated endogenous pain inhibitory systems. In Prog Brain Res (113).
Edited by: Kumazawa T, Kruger L, Mizumura K. Amsterdam: Elsevier;
1996:507-23.
23. Jimbo S, Atsuta Y, Kobayashi T, Matsuno T: Effects of dry needling at
tender points for neck pain (Japanese: katakori): near-infrared
spectroscopy for monitoring muscular oxygenation of the trapezius.
J Orthop Sci 2008, 13(2):101-6.
24. Baldry P: Superficial versus deep dry needling. Acupunct Med 2002,
20(2-3):78-81.
25. Xue MZ, Barbara P: A controlled trial on acupuncture for chronic neck
pain. Am J Chin Med (Gard City NY) 2002, 30(1):13-28.
26. Molsberger A, Man J, Pawelec DB, Winkler J: Dose acupuncture improve
the orthopaedic management of chronic low back pain - a randomized,
blinded, controlled trial with 3 months follow up. Pain 2002, 99:579-87.
27. He D, Veiersted KB, Hostmark AT, Medbo JI: Effect of acupuncture
treatment on chronic neck and shoulder pain in sedentary female
workers: a 6-month and 3-year followup study. Pain 2004, 109:299-307.
28. Itoh K, Katsumi Y, Hirota S, Kitakoji H: Randomised trial of trigger point
acupuncture compared with other acupuncture for treatment of chronic
neck pain. Complement Ther Med 2007, 15(3):172-9.
29. Kumazawa H, Mizumura K: Thin-fibre receptors responding to mechanical,
chemical, and thermal stimulation in the skeletal muscle of the dog.
J Physiol 1977, 273:179-94.
30. Takahashi K, Taguchi T, Itoh K, Okada K, Kawakita K, Mizumura K: Inflence of
surface anesthesia on the pressure pain threshold measured with
different-sized probes. Somatosens Mort Res 2005, 22(4):299-305.
doi:10.1186/1749-8546-6-24
Cite this article as: Itoh et al.: Effect of acupuncture depth on muscle
pain. Chinese Medicine 2011 6:24.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Itoh et al. Chinese Medicine 2011, 6:24
http://www.cmjournal.org/content/6/1/24
Page 5 of 5